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Abstract 

The evaluation of carotid artery lesions as a potential target in order to avoid highly devastating ischemic strokes, which are 
secondary to a severe carotid artery or thromboembolic events from unstable plaques. Recently, a number of diagnostic 
modalities are in practice to make an early diagnosis of significant stenosis or vulnerable carotid artery plaques namely 
ultrasonography(USG), computed tomography(CT), magnetic resonance imaging(MRI). The above mentioned diagnostic tools 
are effective in their diagnostic spectrum, however, are still unable to give an optimal level of reliable diagnostic results. Optic 
coherence tomography(OCT) is a relatively new technique which is highly specific in distinguishing stable and unstable coronary 
artery plaques and additionally provide highly characteristic morphological features of those plaque. There are many studies 
being conducted to evaluate the ability of OCT in comparison with IVUS study of the carotid artery in patients with symptoms or 
even without the classic symptoms. OCT is currently allowing unprecedented evaluation of carotid artery plaque morphology in 
patients. Intravascular OCT assessment of plaque provides a high level of axial resolution. Evidence of increased misdiagnosis in 
cases of intra-luminal thrombus in the carotid artery due to the utilization of casual techniques, namely duplex ultrasonography, 
and angiography, has emerged. This has urged researchers and physicians to adopt new techniques with advanced capabilities to 
identify intravascular thrombus, along with gaining a suitable framework for therapeutic techniques. Plaque vulnerability is a 
very important feature, determined by the thickness of fibrous cap because plaques with the thin fibrous cap are highly prone to 
rupture. Hence, OCT is the current emerging technique to evaluate the thickness of the fibrous cap. 
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biomedical images[6, 7]. Some medical specialties 
are being overwhelmed by the use of this emerging 
technique due to its high axial resolution and power 
of distinguishing between normal and pathological 
structural features in the past decade. Recently, it has 
shown a better application in the evaluation of non- 
transparent structures present in the gastrointestinal 
tract and skin, etc.[8, 9]. 

Optic coherence tomography uses a source of light in 
place of sound signals; a B-mode ultrasound analog 
which gives very high-quality images with a greater 


Introduction 

Optic coherence tomography(OCT) is based on light 
coherence for generating tomographic images of 
organs in the human body. A novel diagnostic 
modality with an ultra-high resolution that can 
demonstrate histological features called optic 
coherence tomography(OCT) is the technique 
currently used for three-dimensional and cross- 
sectional imaging in biological sciences[1, 2]. Huang, 
et al.[3]first made use of this technique on the 
biological sciences in 1991 for the assessment of 


transparent tissues which are mainly found in the 
eyes[4]. OCT is a unique constellation of diverse 
techniques including interferometry, biomedical 
imaging, and fiber optics, clinical practice and in vivo 
and in-vitro as well[5]. It has become an emerging 
modality with its ability to map out pathological 
changes in the structure of the tissue in the real world 
(in-vivo) and in-situ, and it leads to the acquisition of 


magnitude as compared to conventional ultrasound. 
Light intensity being backscattered from tissues into 
a microstructure and the delay in real echo time is 
calculated to generate high-quality images by OCT. 
OCT also serves as an optical biopsy in biomedical 
sciences. In cardiovascular diseases, intravascular 
ultrasound (IVUS) optical analog is being used to 
evaluate coronary artery lesions. Near-infrared light 
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is replacing ultrasound in current use for IVUS 
analysis, with a 1,300nm wavelength absorbed at 
relatively low levels by protein, water, red blood 
cells, and lipids, respectively. [VUS-like tomographic 
high-quality images with better resolution which 
possess extraordinary details and cross-sectional 
information of internal microstructure of tissues. 
IVUS has the potential advantage of greater 
penetrating power in tissue but its resolution power is 
10-fold less than OCT [10, 11]. 


Techniques and system of OCT 

OCT time-domain (OCT-TD): To evaluate culprit 
lesions in the vasculature, casual guidewire used in 
angioplasty is sent beyond the target lesion and is 
followed by an occlusion balloon. A wire specific for 
image acquisition is then used to replace the first 
guidewire. The occlusion balloon is moved in a 
retrograde direction to the section immediately before 
the lesion to be examined and is then inflated at a 
relatively low pressure to stop the flow of blood. 
Lactated Ringer’s or normal saline solution is pushed 
through to clear the blood field area. It is also 
reported that lactated Ringer’s solution is preferred 
over normal saline use for the purpose of flushing 
because ECG findings and symptoms remain 
constant during this process. This procedure can be 
onerous as some stenotic lesions are severe, and 
impede the passing of an occlusion balloon. If such 
an unusual situation 1s encountered, the assistance of 
highly skilled experts is sought to gain access 
through the severe and complex stenotic lesion, and 
with the help of an imaging, wire to proximally 
inflate the occlusion balloon and overcome the 
situation. 

According to a multicenter collection of information 
for the evaluation of efficacy and safety especially 
first generation OCT, IVUS was also compared. It 
was found with vessel obstruction of 48.3+ 14.7 sec. 
On average had no fatal consequences especially MI, 
dissection of target artery specifically coronary 
artery, embolic events and alarming rhythm 
abnormalities (e.g. vent. fibrillation and/or vent. 
tachycardia). Moreover, OCT is superior to IVUS in 
visualizing intra-luminal outlines and the evaluation 
of luminal boundaries with an improved capacity to 
pass through more than 80% of the severely stenotic 
lesions that IVUS fails to cross. Nevertheless, IVUS 
does have particular advantages over OCT because it 
does not require the use of complex methods like 
occlusion balloons as has been mentioned above. One 
new method reported by Katrina et al.[12] and Prati 
et al.[13]is that a contrast medium or LMW dextran 


can be used in the guide the catheter for flushing 
purposes in place of occlusion balloons to get a 
proper visualization of lesions. 


OCT frequency-domain (OCT-FD) 

This new modified form of OCT was developed to 
overcome the drawback encountered in first 
generation time-domain OCT which was based on 
moving reference mirror for scanning image pixels 
with every position of depth in structures being 
visualized. It reduces the rate of image acquisition 
with this mechanical process of image scanning. This 
new OCT frequency domain technique is capable of 
overcoming this flaw by measuring interferometric 
data as a function of time and optical wavelength 
instead of using time function alone. OCT-FD mainly 
rely on laser light which is tunable as a major source 
and a fixed, rather than moving reference mirror with 
a sweep range of 1,250-1,370nm, as a substitute for 
abroad band light source which was mainly used in 
OCT-TD for image acquisition. This process of 
imaging makes it possible to get fast and better image 
quality with greater speed of pullback. This is a 
system which is simple and generates a good 
visualization of the artery by running a viscous 
contrast media through the guide wire and removes 
blood. This is considered a non-occlusive method as 
well [14, 15]. 


Application of OCT in carotid artery 


stenosis 

Optic coherence tomography(OCT) is the process 
that has recently been used to detect the carotid artery 
stenosis, and it can visibly characterize 
atherosclerotic plaques in the carotid artery, and 
determine whether the plaque is stable or 
unstable[16]. The features of carotid plaque are used 
by the high ruling and non-invasive exterior 
procedures of OCT. OCT is also a modern technique 
with the capacity to improve critical patients and 
delineate whether or not the patient needs a carotid 
endarterectomy[17, 18]. A new study assesses that 
OCT is the non-invasive medical process which is 
able to find the carotid plaque out from the arterial 
layers (intima, media, and adventitia) in carotid 
artery[ 17]. 

One of the studies which shows the role of OCT in 
evaluation of classic characteristics related to stenotic 
changes in the carotid vascular network found that it 
is quite difficult to figure out the precise detail of the 
fibrous cap thickness and its plaque burden and fails 
to fully satisfy the accuracy of defining the 
vulnerability of the plaque because of reduced 
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amount of penetration from the light rays. This 
limitation of OCT can be overcome by enhancing the 
signal-to-noise ratio(SNR), increasing the sample 
beam’s focus depth and with the utilization of 
dynamic focus tracking modalities[19, 20]. The ratio 
of signal strength to background noise strength at any 
given time is defined by SNR. The greater the value 
of SNR, the more probability of signals to be 
identified. Utilizing a dynamic focus tracking system 
enhances the degree of resolution for images 
generation by OCT special images of the retina[21]. 
Such a functional principle can also be used for 
getting better quality carotid lesion characteristics. 
When OCT is used for identification of carotid artery 
stenosis and to evaluate the vulnerability of stenotic 
lesions, it gives unique features of each type of lesion 
based on its degree of severity. The vulnerability of 
the arterial plaque is determined mainly by the 
thickness of the fibrous cap, plaque burden in the 
form of lipid contents, and the metabolic activity of 
the plaques. Therefore, the lipid burden of plaque is 
characterized by the poor-intensity-signal area 
surrounding an area of diffusely homogeneous 
material[22]. If the pool of lipid component is found 
in >2 quadrants in any specific lesion of the carotid 
artery, then it is referred to as a lipid-rich plaque. 
Poor-intensity-signal or high-intensity-signal area or 
with changing regions of poor-intensity-signal or 
high-intensity-signals which surround the sharply 
demarcated heterogeneous area is a highly classic 
indication for calcification[22]. If the images 
obtained from intra-luminal carotid artery and shower 
array of signals with backscattering from bulged out 
mass, it conveys classic features of intra-luminal 
thrombus[23].When cavities in the smooth 
endothelial surface are observed, it indicates the 
superficial laceration of the inner most layer, namely 
intima respectively, and this is the main characteristic 
of ulceration in the carotid arterial wall. Micro- 
channel structures with signal-intensity of zero have 
no anatomical associations with a main arterial 
luminal area under investigation and appear in >3 
consecutive images acquired by OCT study is unique 
features of, *neovascularization’’[24, 25]. 

A study emphasizing the advantages of OCT over 
IVUS findings related to carotid artery lesions has 
shown that clear image acquisition by OCT 
visualizing tissue components of plaques in the 
carotid artery. This is relatively safe and effective 
because it frequently demonstrates 
neovascularization and thrombus on the luminal 
surface of the carotid artery. Thrombus on the inner 
surface of intima was frequently found in patients 


with clinical symptoms but less frequency for 
symptomless patients. Recently, proper information 
related to detailed characteristics of tissue in the 
human carotid artery is lacking which emphasizes the 
need for more studies to confirm the reliability of 
such features[26]. This study also mentioned valuable 
features and findings related to vulnerable plaque in 
carotid artery by utilizing OCT in relation to 
ischemic symptoms [27, 28]. 


OCT in Acute Coronary Syndrome 

In recently conducted studies about ACS, they have 
shown that patients suffering from this fatal 
syndrome are at high risk of developing life- 
threatening complications during their hospital stay 
and later as well with an approximated rate of death 
of around 15.85% within the window of 6 months- 
time [29]. This high risk of death compelled the 
researchers to explore the detailed morphological 
features and such type of investigation obtains an 
underlying mechanism for ACS development and 
plenty of information. The purpose is to decrease the 
future risk of ACS development and save patients at 
risk of developing ACS with better prophylaxis. In 
this advancing age of medical sciences and 
technology, many diagnostic modalities have been 
innovated to assess the characteristics of coronary 
plaque morphology in patients prone to developing 
ACS[30]and their resultant significance of 
prognosis[31]. Evaluation of typical features of 
plaque morphology found in a coronary artery is 
made possible with high-quality spatial OCT 
resolution which is beyond the approach of the once 
commonly practiced diagnostic techniques. By this 
modern technique, OCT’s ability to identify the 
pathophysiological features of vulnerable plaque in a 
coronary artery, new methods of early diagnosis and 
construction of therapeutic strategies would be 
natural and more beneficial as compared to before. 


OCT-guided Coronary intervention 

A group of ACS patients was studied, and criterion 
about PCI with the use of FD-OCT was proposed. 
The stenotic lesions with a degree of 40% to 70% 
stenosis or lesions with haziness are classified as 
intermediate lesions, so final steps to manage such 
lesions is based on following features like thrombus 
identification and minimal luminal cross-sectional 
area(MLCSA) <3.5mm* represent plaque 
vulnerability. OCT has increasingly gained 
application in assessing the accuracy of stent 
deployment as well as the assessment of post- 
dilatation stent apposition to the coronary wall. In 
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certain conditions, it becomes highly significant to 
use OCT assessment to avoid unacceptable post- 
Operative complications and these conditions are 
mainly composed of prolapsed extended plaque. On 
the other hand, significant incomplete stent 
apposition(ISA), dissection of edges over an area of 
approximately 200 millimeters, and under- 
expansion,etc. is one of the greatest approaches in the 
diagnostic field with good success rates after 
performing the procedure, and a good clinical 
outcome[32].Another assessment in patients with 
stable angina was undertaken by performing OCT in 
selected cases of PCI[33] and declared clinical 
findings independently by classifying patients into 
further small groups with lesions having 
bifurcations[34]. OCT procedures are being 
performed in a large number of patients and are 
revolutionizing the old approaches at a rapid rate. 
However, post-dilatation with high pressure and 
dilatation in kissing balloon techniques, and the 
prevalence of ISA is found at a higher rate after the 
completion of this procedure, especially in those 
lesions which harbor high quantity of calcifications, 
as well as in arterial segments where side-branches 
take their origin[34]. 


OCT in Ophthalmic imaging 

Developments of better diagnostic tolls in 
ophthalmology is rapidly being influenced by the use 
of OCT technique in the recent era of science[35, 36]. 
OCT can assess choroid and retinal epithelium with 
high pigments which are richly supplied by blood 
vessels which give images of scattered structures. 
The layer of nerve fiber found in retina gives a 
characteristic pattern of scattered layers originating 
from the optic disk and continue approaching the 
fovea centralis with a gradual reduction in their 
width. In this way, the thickness of retinal nerve fiber 
and overall retinal thickness can also be measured. 
OCT has the potential to differentiate minute details 
within the retina because of its extraordinary high 
resolution. The retina is unique in containing 
transparent material and so produces less optical back 
scattering. Nonetheless, OCT can evaluate and give 
characteristic features to be seen even with very 
much feeble optical backscattering due to its high 
resolution and sensitivity. The feasibility of OCT 
application is being evaluated in many clinical 
settings for diagnostic purposes and surveillance 
variety of retinal pathology especially tumors of 
choroid, pits in optic disc, membranes of epiretinal, 
senile degeneration of macula, edema of macula, hole 
in macula, open angle and closed angle glaucoma and 


chorioretinopathyetc[37, 38]. OCT is very effective 
for making diagnosis and observation of progression 
of disease especially in edematous changes in 
diabetic macular disease and glaucoma because it is 
capable of assessing quantitative details related to the 
pathology of the retina. OCT is unique for having the 
potential use for early phase detection of changes 
before clinical features become evident and visual 
loss becomes irreversible. 


OCT in cerebrovascular diseases 

There is astounding evidence coming to light that by 
reassessing information collected from some recently 
circulating or functional diagnostic techniques in 
clinical medicine, a huge number of strokes are 
encountered in symptomless plaque associated with 
atherosclerosis. They also have increased metabolic 
activity, and are prone to rupture due to their 
potential vulnerability and instability. By the matter 
of fact, to properly assess plaque vulnerability and 
estimate its chances of a rupture, a detailed 
understanding of the morphological features and 
structural constitution of culprit lesions are the main 
factors for determining acute cerebrovascular 
accidents (strokes) as compared to the severity or 
grade of narrowing stenotic lesions alone. Events of 
acute stroke occur mostly secondary to thrombus 
formation as a result of sudden rupturing of highly 
vulnerable asymptomatic plaque which leads to the 
genesis of new in-situ thrombus and subsequent 
thromboembolism as well. These unexpected and 
unpredictable events of cerebrovascular accidents 
carry a high-rate of morbidity as well as mortality, so 
it is of great value to map out the major risks of 
cerebral vascular accidents spectrum which also 
covers the event of TIA (transient ischemic attack). 
To reduce the irreversible fatal consequences of 
cerebrovascular accidents, it is essential to 
characterize the plaque vulnerability and make new 
therapeutic strategies to cope with the situation by 
deploying the stent or endarterectomy of the carotid 
artery. In patients with stroke, some recent clinically 
applicable diagnostic techniques including 
conventional 4-vessels angiography, MRI, CTA, and 
Doppler scan of the carotid artery are being utilized 
to stratify the lesion but none of the above-mentioned 
modality gives adequate morphological and 
metabolic features of vulnerable plaques. Few new 
MRI studies and B-type USG are emerging with 
suitable information in the aspect of plaque 
vulnerability assessment. Some observations throw 
light into the ability of B-type USG to evaluate 
subsequent results in vulnerable stenotic lesions by 
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assessing different features of the plaque[39]. Intra- 
mural thrombus, calcified and necrotic material, lipid 
contents, amount of fibrotic material and 
hemorrhagic events in plaque are mainly being 
investigated in current studies. Heterogenic and echo- 
lucent areas are the main factors for less satisfactory 
prognostic value on USG assessment in severely 
stenotic carotid lesion[40, 41]. Being limited in its 
resolution, ultrasonography also fails to give 
satisfactory differential features of culprit lesion[42]. 


OCT in PAD 

Peripheral arterial diseases are steadily increasing the 
burden of disability in patients suffering from this 
illness which emphasizes the need for adequate and 
proper therapeutic approach to improve the quality of 
life. There is a lot of promising techniques of 
intervention such as intravascular atherectomy, 
intravascularcryoablation, and angioplasty with a 
cutting balloon, etc. However, all of the above- 
mentioned methods can only be more effective if the 
better constitutional detail of vulnerable lesions is 
assessed[43]. The baseline pathophysiological 
changes and characteristics of atherosclerosis in 
culprit lesions of the peripheral vascular network are 
similar with differences found is coronary and carotid 
lesions. So OCT is the best technique available 
recently as it can also display behavior and 
characteristics of vulnerable lesions found in the 
peripheral vascular network. Meissner, et al., 
evaluated the potential ability of OCT in PAD due to 
atherosclerotic changes and emphasized that lesion 
characteristics found in different vascular network 
namely coronary artery and peripheral vasculature are 
comparable with each other[43]. This study had 
shown that OCT findings were in full agreement to 
histopathological features found in a variety of 
lesions with atherosclerosis[43]. Limitations of this 
study were that arterial segments were used instead 
of real patients and ex-vivo arterial study of samples 
obtained from amputations. Nevertheless, it was one 
of the first efforts made to assess the potential of 
OCT in studying PAD and surveillance of 
deterioration or improvement of arteriosclerosis in 
real cases[43]. 


Advantages and limitations of OCT 

Good quality images with remarkably fine resolution 
and very fast image acquisition, decreased cost, 
portability, and, its great potential for predicting 
culprit lesion behavior deduced from characteristic 
plaque morphology, are worth mentioning 
advantages oof — recently practicable OCT 


technique[44].OCT is unique in its potential for 
visualizing further through lesions with a high 
amount of calcification and fine assessment of 
intima, which is also one of its potential 
advantages[45]. The apparatus used for OCT 
technique is not very expensive, the guidewire being 
used for it is not very long, and the transducer is not 
essential for its catheter[46]. There are some 
disadvantages of OCT as well, such as hampering of 
images obtained by OCT due to blood in the area 
under examination. The quality of images and their 
interpretation is very much affected by flowing blood 
in the target area which can even overcome the 
efficacy of other techniques utilized to keep the area 
blood-free. An index matching technique has recently 
been employed to make improve visibility through 
blood[47]. Tissues with non-transparency offer fewer 
penetrations by OCT [48]. It can result in an 
impedance of image qualities in those arteries in 
which lesion have the significantly high necrotic 
burden. Recently, encountered drawbacks are being 
addressed with the introduction of source-sweep 
OCT and = spectral radar in advancing OCT 
modalities[49]. The temperature of the area under 
investigation can influence the final result of 
measurement so such fact should be considered while 
presenting its interpretation[50]. In a nutshell, OCT is 
a very productive diagnostic approach which leads to 
the genesis of unique and valuable information 
primarily morphological characteristics of lesions 
which enable effective non-invasive and invasive 
evaluation and managing naive and post-intervention 
carotid and coronary arterial diseases. There has been 
a gradual surge of advancement in OCT techniques 
supporting a better understanding of its use 
augmenting other diagnostic approaches focused on 
arteriosclerotic lesions. 


Conclusion 

Optic coherence tomography (OCT), is an emerging 
diagnostic technique of the recent era with a potential 
to generate high-quality images, and with well- 
defined morphological characteristics comparable to 
histopathological features as well. OCT is capable of 
in-vivo identification of plaque vulnerability. It is a 
technique that yields a high resolution, better 
visualization of morphological changes in culprit 
lesions demonstrated by _ special histological 
evaluations. Thus, OCT offers a better assessment of 
pathophysiological characteristics in the carotid 
artery and other vascular networks of the human 
body with great accuracy. A pool of information 
collected by OCT examination can help to guide us in 


123 


the development of specific, effective and suitable 
treatment approaches which would be fully patient- 
specific. Moreover, further studies are required with a 
higher number of participants to increase the 
effectiveness and predictive value of OCT technique. 
It is predicted that OCT will exert an influential 
impact on the field of cardiology in the near future. 
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